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Abstract 
 
Estimates of household size economies are needed for the analysis of poverty and inequality. 
This paper shows that Engel estimates of size economies are large when household 
expenditures are obtained by respondent recall but small when expenditures are obtained by 
daily recording in diaries. Expenditure estimates from recall surveys appear to have 
measurement errors correlated with household size. As well as demonstrating the fragility of 
Engel estimates of size economies, these results help resolve a puzzle raised by Deaton and 
Paxson (1998) about differences between rich and poor countries in the effect of household 
size on food demand. 
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I. Introduction 
Economists are increasingly aware of the effect that assumptions about economies of 
household size have on poverty and inequality comparisons (Coulter, Cowell and Jenkins, 
1992). For example, whether people in Indian households headed by women are more likely 
to be poor than are those in male-headed households depends on the adjustment made for size 
economies (Dreze and Srinivasan, 1997). In the transition economies, the rising relative cost 
of housing has made size economies more important, shifting the incidence of poverty toward 
small households and affecting conclusions about whether public interventions should be 
aimed at children or at the elderly (Lanjouw, Milanovic and Paternostro, 1998).  
But despite their importance, there is no generally accepted method of measuring 
household size economies. The Engel method is popular because it is simple, using food 
budget shares to indicate the welfare of different sized households (Lancaster, Ray and 
Valuezuela, 1999).1 But this method is silent on how larger households actually achieve 
economies and it also lacks theoretical justification. For example, Deaton (1997) constructs 
two separate cost functions that a household of size n faces to reach utility level u at prices p, 
c(u, p, n). The size elasticities, ,lnln nc ∂∂  of these cost functions differ but the same food 
Engel curve is derived from both of them, indicating a lack of identification. The Engel 
method also appears contradictory; if there are size economies, a larger household with the 
same per capita expenditures as a smaller household is better-off, and so should have a lower 
food share. But a decline in the food share with constant per capita expenditures can occur 
only if there is a decline in food spending per person, which is not what is expected when 
welfare increases, especially in poor countries (Deaton and Paxson, 1998). 
In addition to these theoretical problems, this paper reports evidence on the empirical 
fragility of Engel estimates of household size economies. The results use a survey where a 
sample of households had each adult report daily purchases in diaries, while a matched 
sample had a single respondent give a verbal recall of the household’s expenditure for the 
past fortnight.2 Both of these methods are widely used by household expenditure surveys in 
developed and developing countries. Regression results from the matched samples, when 
compared with the results from Monte Carlo experiments, suggest that recalled food 
expenditures have measurement errors correlated with household size. These correlated errors 
cause a negative bias in the coefficient on household size in regression models of food budget 
shares and, consequently, cause Engel estimates of size economies to be overstated. This 
error is shown to affect the cross-sectional pattern of poverty in the sampled population. 
Given these problems with the Engel method, it would be helpful to have another 
simple method of estimating household size economies. A promising approach is based on 
the effect of public goods within the household (Deaton, 1997). The intuition is that increases 
in household size (holding outlay per head constant) allow the resources released by the 
wider sharing of public goods (e.g., heat and light) to be spent on both public and private 
goods. The effective price of public goods is lower in larger households, so substitution 
effects are away from private goods. Hence, there is a positive income effect and a negative 
substitution effect on the demand for private goods. But for private goods like food, the 
income effect should prevail because the absolute value of the own-price elasticity is likely to 
be lower than the income elasticity, and food demand should rise, especially in poor 
countries. A measure of size economies could be calculated from the notional reduction in 
outlay needed to prevent the rise in per head spending on food. 
However, the development of this public goods method is currently blocked by an 
empirical puzzle about the relationship between household size and measured food demand. 
The puzzle is that food expenditure per head falls as household size rises, holding outlay per 
head constant. Deaton and Paxson (1998) find that a unit increase in the logarithm of 
household size decreases the budget share of food by up to 10 percentage points in a group of 
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poor countries (Thailand, Pakistan, and African households in South Africa), holding outlay 
per person constant.3 The food share falls by 1-2 percentage points in Taiwan and the U.S. 
and by less in France and Britain.4 Not only do these empirical results contradict the 
prediction of the public goods model, they do so in a pattern across countries that is just the 
opposite to what would be expected. The positive relationship between per capita food 
expenditure and household size should be strongest in poor countries, where the income 
elasticity of food demand is most likely to exceed the (absolute) own-price elasticity. 
Deaton and Paxson (1998) reject a measurement error explanation for this puzzle 
because they cannot see why the respondent in a recall survey should be worse informed 
about others’ food consumption than about non-food consumption. But there are grounds for 
this asymmetry in reporting errors, and for expecting the errors to rise with household size. 
For example, in the survey used here, a household with two people makes an average of 50 
food purchases per fortnight, while a household with 10 people makes 140 food purchases 
per fortnight. Thus, the respondent from the larger household is the one more likely to forget 
food purchases when giving her verbal report on expenditures in the previous fortnight. But 
whether the household has two people or 10 people, it still needs only one gas stove, so the 
reporting task for non-foods is easier and less proportional to household size. While purchase 
frequency of some non-food items rises with household size (e.g., bus fares), the rate of 
increase is less than it is for food purchases,5 and these items are only a small part of total 
non-food spending. Furthermore, household surveys often impute the value of consumption 
of certain non-food items (e.g., durables and rent), using observations and measurements 
made by the interviewers. The measurement error in these imputations is likely to be 
orthogonal to household size, in contrast to the errors in food expenditures. 
Perhaps because of these differential reporting requirements, a food Engel curve 
estimated on the sample who received the recall method looks most similar to Deaton and 
Paxson’s results for African households – the food budget share falls sharply with increasing 
household size (at constant outlay per person). But when the sample who were given diaries 
are used, the results look most similar to their results for Britain – there is a statistically 
insignificant relationship between the food share and household size.  
The next section of the paper reviews evidence from previous studies of measurement 
error in household expenditure surveys. Food budget share models and the Engel and public 
goods methods of estimating size elasticities are introduced in Section III, and the effects of 
measurement error are examined using Monte Carlo methods. Section IV describes the field 
experiment where data on household expenditures were gathered using the diary method and 
the recall method on matched samples. Section V presents the estimation strategy and the 
empirical results. In this section, food Engel curves are estimated and size elasticities are 
derived, which are then used to examine the pattern of poverty across household size groups. 
Section VI concludes. 
 
II. Measurement Errors in Diary and Recall Surveys of Household Expenditures 
Although some reports suggest that recording in diaries gives more accurate data, 
especially for frequently purchased items like food (for example, see Branch, 1994; Republic 
of China, 1990), studies are hampered by lack of data on actual expenditures. This makes it 
difficult to interpret the comparisons of diary and recall surveys (Kemsley and Nicholson, 
1960; McWhinney and Champion, 1974). These comparisons are also clouded because they 
vary not only in terms of data collection methods – diary versus recall – but also in terms of 
whether the time frame for the reporting is bounded by visits from the interviewer. In these 
studies, interviewers ask respondents to recall expenditures from the previous week and then 
give the family diaries to be completed in the week following. While an interview marks the 
start of the diary-keeping period, no such event marks the beginning of the recall period, so 
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the recall estimates may be biased upwards by telescoping errors – the incorrect placement 
by the respondent of earlier expenditures in the recall period (Sudman and Bradburn, 1973). 
Furthermore, these previous studies mainly compare total expenditure estimates and do not 
show whether discrepancies between the two survey methods vary with household size.  
Other relevant evidence comes from experiments with different recall periods. Scott 
and Amenuvegbe (1991) find that average daily expenditures reported by respondents fall by 
almost three percent for every day added to the recall period, with the greatest decline for the 
more frequently purchased items.6 This tendency to forget earlier transactions – what Deaton 
(1997) calls “progressive amnesia” – is relevant to the comparison of diaries with recall. 
Diary recorders usually make written reports on the day an expenditure occurs, which should 
minimize recall errors, while respondents in an interview are asked to recall expenditures that 
may have been made many days earlier. Scott and Amenuvegbe (1991) also suggest that after 
a threshold number of purchases during the recall period, respondents switch from reporting 
their actual expenditures to what they think are their usual expenditures. This change in 
reporting style means that exceptional expenditures tend to be overlooked; typically, 
exceptional means exceptionally high, so this leads to underestimation. Because larger 
households generate more transactions per time period, they are more likely to reach the 
threshold where respondents switch away from reporting actual expenditures. Moreover, a 
larger household may have a higher proportion of people who are non-nuclear family 
members and who make purchases that the respondent does not know about.7 
By themselves, errors in recalling expenditures do not explain why the measured food 
share may vary with data collection methods. If all types of expenditures were collected by 
either recording in diaries or respondent recall in an interview, recall errors would reduce the 
sub-total of expenditures on each category of consumption by the same proportion. But 
recording in diaries is feasible for only two out of the four components of consumption that 
surveys typically cover – food expenditures and day-to-day non-food expenses. Diaries are 
not feasible for infrequent expenses (e.g., school fees) and services from durable goods and 
dwellings, and these two components may account for two-thirds of non-food consumption. 
Any difference between diaries and recall affects all of reported food expenditure but perhaps 
only one-third of non-food expenditure, thus affecting the measured food share. 
 
III. Food Demand Models and Measurement Error  
 The relationship between measured food demand and household size is central to both 
the Engel method and the public goods method of measuring household size economies. 
Deaton and Paxson (1998) use a model with household consumption of food, qf  and a non-
food good, such as housing, qh, to show the necessary conditions for increases in household 
size to raise per capita food demand. Both goods are subject to some commodity-specific 
scale economies, so that effective household size for the consumption of each good is not n, 
but rather φi(n), where i=f, h and the commodity-specific economy of scale measure is: 
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where pf and ph are the price of food and non-food, x is household total expenditure, and 
),,( hff ppxg  is the food demand function for a single person household. When the 
logarithm of equation (2) is differentiated with respect to ln n, the condition for per capita 
food consumption to increase with household size, holding nx  constant, is: 
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where εff  and εfx  are the own-price and income elasticities of demand for food. Thus, as long 
as non-food contains some public goods, so that ,0≠hσ  while food is a pure private good, 
equation (3) requires the absolute value of the own-price elasticity of food demand to be less 
than the income elasticity of food demand. This condition is most likely to hold for poor 
consumers, so the positive effect of household size on per capita food consumption and food 
budget shares should be strongest in poor countries.  
To test whether the empirical evidence is consistent with this pattern, Deaton and 
Paxson (1998) using the following food share model: 
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where rj=nj /n is the proportion of persons in the household in demographic group j, z is a 
vector of other household characteristics, u is a disturbance term, and α, β, γ, η, and δ are 
parameters to be estimated. If the condition in equation (3) holds, γˆ should be positive, with 
the largest values estimated from household data in poor countries. In fact, the empirical 
results of Deaton and Paxson show exactly the opposite pattern. 
 The same food share model, when reparameterised, can provide Engel estimates of 
size economies, although the assumptions underlying the model are substantially different to 
those used by Deaton and Paxson (1998). In the case of the Engel method, no distinction is 
made between private and public goods and the food budget share is a sufficient welfare 
measure. Under the Engel method interpretation, if some economies of scale are present, γˆ  
would be expected to be negative, rather than positive as argued by Deaton and Paxson. A 
recent example of this Engel method approach is provided by Lanjouw and Ravallion (1995) 
who use data from Pakistan to estimate: 
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which is identical to equation (4) because γ=βσ.8 According to equation (5), if x0 is the outlay 
of a 1-person household, an n-person household of the same composition needs total outlay 
of x0n1-σ to have the same food share (and the same welfare level, by assumption). Lanjouw 
and Ravallion estimate σ to be 0.4, suggesting that ten individuals, each spending, say, $1 per 
day in separate single-dweller households, can achieve the same welfare level living as a 
10-person single household with total expenditures of just $4 per day (100.6=3.98). These size 
economies imply surprisingly large falls in food spending per head for consumers in a poor 
country. With an average food share of 0.5 in Pakistan, the per-head spending on food in the 
10-person group declines by 60 percent, from, say, 50 cents per day to 20 cents per day.  
The Monte Carlo experiments may show whether measurement errors could cause 
such large estimates of size economies, since it is possible to retrieve an estimate of σ  from 
the ratio of γ  to β. Even errors in expenditures that are uncorrelated with any explanatory 
variables may matter because ln (x/n) and wf are constructed from the same information 
(x p q p qf f nf nf= +  and f f fw p q x= ). Because  ln (x/n) and ln n are negatively correlated 
by construction, errors in ln (x/n) are likely to bias γˆ , but in an unpredictable direction 
(Deaton and Paxson, 1998). Bias in γˆ  is even more likely if the errors are correlated with 
household size or with the true value of expenditures.9  
The Monte Carlo experiments use a simplified form of equation (4): 
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 where α=1.6, β=-0.14, and γ=-0.007. The value chosen for γ  is similar to the estimates of γ  
made by Deaton and Paxson using a household survey from France, with expenditures 
reported in diaries. The experiments aim to answer the following question: what sort of 
measurement errors could cause equation (6) to give estimates of γ  like those found when 
using household surveys from poor countries with expenditure data collected by recall, 
specifically, .05.0ˆ09.0 −≤≤− γ  This experimental design is not meant to imply that reports 
of expenditures made in diaries have no errors and that estimates of γ  coming from such data 
are the true values. Rather, this design is used to reveal differential bias – the extent to which 
estimates of γ coming from recall surveys could diverge from the estimates coming from 
diary surveys due to measurement error in recall surveys that is over and above the 
measurement error in diary surveys. 
The experiments allow uncorrelated errors in expenditures, errors that are correlated 
with the true value of expenditures, and errors that are correlated with household size. Each 
experiment moves from a situation of no error to cases of increasingly severe measurement 
error. Initially, just food expenditures are measured with error, with the experiments carried 
out as follows: Samples of 1000 observations on (log) total expenditure, x and household 
size, n were generated from a bivariate normal distribution: ],,,,[ 222 ρσσµµ nxnxN , with 
µx=9.5, µn=6.7, σx=0.7, σn=3.5, and ρ=0.2.10 The regression errors, u were normal, with mean 
zero and standard deviation 0.1. Any draws with food budget shares outside the range 
0.05-0.95 were dropped.11 Total expenditure, x was partitioned into food expenditures, 
f fx x w= ⋅  and non-food expenditures, nf fx x x= − . A proportionate error was added to true 
food expenditures, so that the observed variable was ln ~ lnf fx x v= + . In the first experiment 
the measurement error is independent: ),0(~ 2σ vNv , with three values of σv used; 0.1, 0.2, 
and 0.3. In the second experiment εϕ += xv fln , where ε σε~ ( , )N 0 2  and E(ε,xf)=0. In the 
third experiment v n= +λ εln , where ε σε~ ( , )N 0 2  and E(ε,n)=0. In the second and third 
experiments, the values used for ϕ and λ were -0.3, -0.2, -0.1, 0.1, 0.2, and 0.3. The error-
ridden total expenditure and food share variables were reconstructed as ~ ~x x xf nf= +  and 
f fw x x~ ~ ~= , and equation (6) was estimated.  
The results of the Monte Carlo experiments can be summarized by the following three 
observations: First, errors in measuring food expenditures that are negatively correlated with 
either household size or with the true value of food expenditures are the only type of errors 
that could cause estimates of γ to be like those found when using surveys from poor countries 
with expenditure data collected by recall, specifically, 05.0ˆ09.0 −≤≤− γ  (see Table 1, 
row 2b. and 3b.). Second, if measurement errors are correlated with the true value of 
expenditures, the coefficient on ln (x/n), βˆ  will suffer attenuation bias (i.e., towards zero) but 
if errors are correlated with household size, there will be no effect on βˆ  (see row 2a. 
and 3a.). Third, if the true level of size economies (according to the Engel method) is σ=0.05, 
errors in measuring food expenditures that are negatively correlated with either true values 
(row 2c.) or with household size (row 3c.) will cause σˆ  to be biased upwards, with a range of 
values that includes the estimate of σ=0.4 found by Lanjouw and Ravallion (1995). 
(Table 1 about here) 
When measurement errors in non-food expenditures that are uncorrelated with the 
errors in food expenditures are introduced, the pattern of results is largely unchanged. If the 
errors in non-food expenditures are independent, i.e., gxx nfnf += ln~ln  where ),4.0,0(~ Ng  
the effect of food expenditure errors is amplified slightly. If the errors in non-food 
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expenditures vary negatively with household size, ζ+−= ng ln2.0  where )4.0,0(~ Nζ  and 
there is only a weak correlation between food expenditure errors and household size (λ=-0.1), 
the estimate of γ  tends to be positive. But as food expenditure errors become more strongly 
correlated with household size (λ≤-0.2) the expected value of γˆ  moves into the range 
.05.0ˆ09.0 −≤≤− γ  Errors that are correlated with household size have no effect on ,βˆ  
which is the same as was found when there were no errors in non-food expenditures. 
 
IV. The Household Survey  
The household survey was carried out between April and December 1996 in Port 
Moresby, the capital of Papua New Guinea (PNG). Interviewers were graduates of the 
national university while the field supervisors were senior academics. The interview teams 
were monitored by the manager of the university’s research company and by the current 
author. Interview teams did not specialize; the same team would use diaries to gather 
expenditure data on some households and recall interviews for other households.  
 
Data Collection 
The questionnaire that used respondent recall was typical of expenditure surveys 
currently used in developing countries. To avoid telescoping errors, there were two 
interviews, two weeks apart, so that the start of the recall period was signaled by the first 
interview. This first interview collected information on demographics, education, income 
sources and housing conditions, while the second interview collected data on expenditures, 
durable assets and transfers. The expenditure data were collected for 36 categories of food 
and for 20 categories of other frequent expenses during the recall period. The expenditure 
estimates include the imputed value of own-production, net gifts received, and food stock 
changes (measured by the interviewer) for the period since the first interview. In addition, 
information was collected on 31 categories of infrequent expenses for the 12 months prior to 
the interview. This longer-term recall is ‘unbounded’ in the sense that there was no definite 
event, like the initial visit by the interviewer, to mark the beginning of the period over which 
the respondent was meant to recall expenditures. The final component of the survey was an 
inventory of 16 durable assets, which was used with data about the dwelling to estimate the 
value of the flow of annual services from durable goods and dwellings.  
For the questionnaire where each adult recorded daily expenditures, the diaries were 
organized by means of acquisition (purchases, gifts, own-production) and lists of easily 
forgotten items were included. Interviewers visited every three to four days to check that 
respondents had made written daily reports. Interviewers also measured food stocks at the 
beginning and end of the 14-day period. Data on the infrequent expenditures of these 
households were collected using the same 12-month recall as used by the other questionnaire. 
The data on durable goods and dwellings also were obtained in the same manner as the other 
questionnaire. 
 
Sample Design 
Households within finely defined area units were randomly allocated into two groups: 
one receiving the diary method and the other receiving the recall method. This is a break 
from previous studies that apply the two methods sequentially to the same household. This 
sequential design was not used because it may be subject to conditioning bias – persons who 
learn to report their expenditures in diaries may, subsequently, be atypically accurate recall 
respondents, while persons initially given recall questionnaires may find daily recording to be 
onerous and be atypically bad diary-keepers. 
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Two-stage sampling was used, with 38 clusters initially selected with probability 
proportional to estimated size from a frame made up of the 1990 Census plus areas of recent 
settlement (500 clusters in total). The frame was divided into nine strata, corresponding to 
major districts of the city, with equal sampling rates used for each strata. At the second stage, 
circular systematic sampling was used to select six households in each cluster, and a further 
four households who were “reserves” that were surveyed only if some of the original six 
selections were absent or refused at the time of the initial interviews. Households were 
divided into the diary and recall samples at this stage, using a coin toss to decide whether the 
1st, 3rd, and 5th households received diaries and the 2nd, 4th and 6th received the recall 
questionnaire, or vice versa. The alternating pattern of diary and recall samples continued 
into the “reserve” households if they were needed. 
There was a potential sample of 228 households (38×6) but eight households had 
missing data due to absence at the time of the second visit for the recall interview or the 
departure of a household during the diary-keeping period. The reserve households were not 
used as replacements when this problem arose because a bounded recall would not be 
possible for these households. To keep the matched nature of the two samples for this 
analysis, a non-response by a recall household causes the closest diary household within the 
same cluster to be dropped from the sample (and vice versa). This leaves a sample of 212 
households. The sample is weighted because selection based on the 1990 Census under-
represents clusters found to be larger during the household listing.  
Summary statistics for the two samples are reported in Table 2. The average food 
budget share was 51 percent for the sample where the diary method was used and 45 percent 
when the recall method was used. This statistically significant difference in the food budget 
share is driven by the lower estimates of per capita food expenditures when the recall method 
is used, while there is no significant difference in non-food expenditures between the two 
samples. The difference in food expenditures and food shares is unlikely to be due to 
differing characteristics of the households across the two samples. All of the demographic 
variables, except the share of seven to 14 year old males, had no significant differences in 
means between the two samples. This is to be expected because the demographic and 
employment variables were collected at the initial interview and are thus independent of the 
choice of questionnaire. The other variable affected by the choice of questionnaire - per 
capita expenditure - had an average that was 13 percent lower when the recall method was 
used, but this difference was not statistically significant. 
(Table 2 about here) 
 
V. Estimation Methods and Results 
 The model is based on the specification used by Deaton and Paxson, excluding 
variables not relevant in an urban areas (see equation 1). In addition to per capita expenditure 
and household size, there are eight demographic ratios, and the adults employment rate. 
Employment may affect the food share because of higher caloric requirements for workers or 
because of the higher cost of meals eaten out of the home. The model also includes dummy 
variables for the calendar quarter in which the household was surveyed. The model is 
separately estimated on the sample of households whose expenditures were reported in 
diaries and on the sample whose expenditures were recalled in an interview. Slope and 
intercept dummy variables from a model estimated on the pooled sample are used to test 
which, if any, of the coefficients differ between the two samples. The model is estimated by 
both Ordinary Least Squares (OLS) and Instrumental Variables (IV), and the estimation 
methods account for the clustered, stratified, and weighted nature of the sample.  
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OLS Results 
The method used to collect expenditure data affects the relationship between 
household size and food share but does not affect any of the other coefficient estimates of the 
food Engel curve (Table 3). When the Engel curve is estimated on the sample of households 
whose expenditures were recalled in an interview, household size appears to exert a negative 
and statistically significant effect on the food budget share, holding per capita outlay 
constant. The effect is even larger than that found for the poorest households in Deaton and 
Paxson’s sample; a unit increase in the logarithm of household size decreases the budget 
share of food by 12 percentage points (10 percentage points if using the unweighted data). 
But when the Engel curve is estimated on the sample of households whose expenditures were 
reported in diaries, household size has no statistically significant effect on the food budget 
share, and the point estimate is almost zero – a result that is similar to what Deaton and 
Paxson find for Britain. Hence, the variation in data collection methods across the group of 
countries studied by Deaton and Paxson may account for some of their results. 
(Table 3 about here) 
The Monte Carlo experiments suggest that measurement errors in expenditures that 
are negatively correlated with either household size or with the true value of food 
expenditures could cause negative bias in the coefficient on household size. According to the 
Monte Carlo results, we can distinguish which of these two types of measurement error are 
present by what happens to the coefficient on ln (x/n). If errors are correlated with true 
values, βˆ  will be biased toward zero but if errors are correlated with household size, there 
will be no effect on βˆ . The coefficient on ln (x/n) when the diary sample is used is identical 
to the coefficient when the recall sample is used. This suggests that the measurement errors in 
the recall sample are negatively correlated with household size. 
 
Instrumental Variables Results 
The IV specification of Deaton and Paxson, where per capita cash income 
instrumented for ln (x/n), was not exactly replicated because income data were not gathered 
by the PNG survey.12 Measures of wealth were available (dwelling quality and value of 
durables) but were closely related to imputed non-food expenditures and hence directly 
influenced the food budget share. Therefore, the instruments chosen were the average number 
of school years of each adult in the household and the age of the household head, which are 
both good predictors of per capita expenditures. These two regressors raise the R2 in the first 
stage regression of ln (x/n) on the exogenous variables from 0.41 to 0.71 and the F-test for 
excluding them is highly significant, F(2,28)=34.64. Over-identification tests suggested that 
these two variables did not play a direct role in the explanation of food budget shares, so they 
should be valid instruments, even though they have sometimes appeared in food demand 
studies elsewhere. One concern with using schooling as an instrument is that illiteracy (a 
close correlate) could cause measurement error in expenditure data that are collected by the 
diary method. However, this should not be a problem in the current study because adult 
literacy rates are high by developing country standards (approximately 90 percent).13  
The IV estimates of the Engel curve, reported in Table 4, show the same pattern as the 
OLS estimates. Just as before, the only variable with a statistically significant difference in 
coefficients between the diary and recall samples is household size. The use of an instrument 
for ln (x/n) causes only small changes in the value of the coefficients on household size, 
compared with the OLS results.14 There also are small changes in the coefficients on per 
capita expenditures and a widening of the standard errors surrounding all coefficients. 
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However, the Durbin-Wu-Hausman test suggests no significant difference between the OLS 
and the IV estimates.  
(Table 4 about here) 
 
Engel Estimates of Size Economies 
The results reported in Tables 3 and 4 suggest that an appropriate model for the 
pooled sample needs only one slope dummy variable, for household size, and that it is safe to 
use OLS to estimate such a model. The results of this model are: 
wf = 1.480 - 0.140 ln (x/n)  -  0.083 ln n  +  0.049 [ln n * Diary Dummy]  
                    (9.85)                 (3.41)            (4.36) 
 + demographic ratios + adult employment rate + quarterly dummies 
  R2=0.44;  F(13,17) = 15.84 
t-statistics in ( ) corrected for clustering, sampling weights and stratification 
These results suggest that when an Engel curve is estimated with expenditure data collected 
by recall, a unit increase in the logarithm of household size will cause the observed food 
share to fall by five percentage points more than it would if the data were collected by 
respondents reporting expenditures in diaries. The elasticity of per capita food expenditure 
with respect to household size (which equals fwγ  given per capita expenditure) is 
estimated as –0.184 when using expenditure data collected by recall but only –0.067 when 
using expenditure data reported in diaries (at the average food shares in Table 2). 
According to the Engel method, the size economies parameter σ  can be estimated 
from the ratio of the coefficients on ln n and ln (x/n). The coefficients from the pooled model 
reported above give estimates of σ for the diary and recall samples of: 
Diary Sample      Recall Sample 
    σ = 0.24      σ = 0.59 
s.e.(σ) = 0.15      s.e.(σ) = 0.18 
H0: σ = 0  χ2(1) = 2.54 (p<0.12)  H0: σ = 0  χ2(1) = 10.77 (p<0.01) 
Engel estimates of size economies appear to be sensitive to the method used to collect 
household expenditure data. When expenditure data are collected from recall interviews, size 
economies appear large. But when expenditure data are collected by having a similar sample 
of households record expenditures in diaries, estimated size economies are much smaller and 
a per capita normalization of total expenditures (i.e., σ=0) would not be rejected. Thus it is 
possible that the estimate of σ=0.4 made by Lanjouw and Ravallion (1995) for households in 
Pakistan is biased upwards by the use of recall data, which may have measurement errors in 
expenditures that are correlated with household size. 
 Figure 1 shows the pattern of headcount poverty by household size class for the 
various estimates of the economies of household size parameter, σ.15 These poverty rates are 
based on normalised estimates of effective household size, σ−1n so that the poverty rate is 
always the same (37 percent) for the average sized household. It is clear that when no 
allowance is made for economies of size, the headcount poverty rate increases rapidly with 
household size, approaching almost 50 percent for households with more than ten members. 
In contrast, when the estimate of size economies calculated from the recall sample (σ=0.59) 
is used, the largest households have a poverty rate of around 20 percent but the smallest have 
a poverty rate of 50 percent. The robustness of this pattern must be questioned, however, 
because with the estimate of σ from the diary sample, a slight rise in poverty with increasing 
household size is implied. 
 
VI. Conclusions  
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Economists who want to measure economies of household scale face unpalatable 
choices. They can use the atheoretical Engel method, which works but makes no sense 
(Deaton, 1997) or they can try a method – based on public goods within the household – that 
makes sense but does not work.16 This public goods method does not work because its 
prediction of higher food expenditure per head in larger households (of equal per capita 
outlay) is rejected by the data (Deaton and Paxson, 1998). The results reported here suggest 
that it is no coincidence that the prediction of higher food expenditures fails most in countries 
where household budget surveys have a single respondent give a verbal recall of the 
household’s expenditures. When the diary and recall methods were used to collect data on the 
expenditures of two random samples of households in the same location, the elasticity of per 
capita food expenditure with respect to household size, given per capita total expenditure, 
was estimated to be -0.18 when using data collected by recall, but just -0.07 when using data 
reported in diaries. Similarly, if the expenditure data collected by recall are used, Engel 
estimates of scale economies appear much larger than if the expenditure data reported in 
diaries are used. 
The most plausible interpretation of these results is that food expenditure data 
collected with the recall method have measurement errors that are correlated with household 
size. As household size increases, it becomes increasingly harder for a survey respondent to 
accurately recall expenditures on food because of the rise in the number of transactions. It is 
easier to recall expenditures on non-food items because these may be purchased only 
sporadically. These measurement errors in expenditure data cause a negative bias in the 
coefficient on household size in food Engel curves. The Engel method of measuring 
household size economies may mistake these errors in the food expenditures of large 
households for genuine size economies. However, evidence from other settings is needed 
before firmer conclusions can be reached, because the difficulties for a respondent recalling 
the food expenditures or food consumption of a large household may be less in a rural area. 
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Figure 1: Poverty and household size (headcount index) 
Size economies (σ): • 0.59;  □  0.24;  ∆ 0 
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Table 1: Monte Carlo Results for Food Share Model 
  Experiment 1: Independent measurement errors 
),0(~ 2σ vNv  
  No error  σv = 0.1  σv = 0.2  σv = 0.3 
1a. E( > )β   -0.1379 -0.1344 -0.1241 -0.1082 
1b. )ˆ(γE   -0.0073 -0.0047 0.0030 0.0146 
1c. E ( >)σ   0.0518 0.0339 -0.0254 -0.1377 
         
  Experiment 2: Errors correlated with true values 
εϕ += xv fln ,  ε ~ ( , . )N 0 0 4  
  no error  ϕ  =  -0.1  ϕ =  -0.2  ϕ  =  -0.3 
2a. E ( > )β   -0.1379 -0.1282 -0.0940 -0.0560 
2b. )ˆ(γE   -0.0073 -0.0383 -0.0448 -0.0331 
2c. E ( >)σ   0.0518 0.2986 0.4763  0.5904 
         
    ϕ  = 0.1  ϕ = 0.2  ϕ  = 0.3 
2d. E ( > )β     -0.0728 -0.0221  0.0001 
2e. )ˆ(γE      0.0547  0.0706  0.0543 
2f. E ( >)σ     -0.7594 -3.3308 1636.7     
         
  Experiment 3: Errors correlated with household size 
v n= +λ εln ,   ε ~ ( , . )N 0 0 4  
  no error  λ  =  -0.1  λ  =  -0.2  λ  =  -0.3 
3a. E (  )β   -0.1379 -0.1263 -0.1262 -0.1242 
3b. )ˆ(γE   -0.0073 -0.0289 -0.0582 -0.0844 
3c. E ( )σ   0.0518 0.2282 0.4603  0.6792 
         
    λ = 0.1  λ = 0.2  λ = 0.3 
3d. E (  )β     -0.1200 -0.1142 -0.1072 
3e. )ˆ(γE      0.0357  0.0686  0.1003 
3f. E ( )σ     -0.2999 -0.6039  -0.9393 
         
Note: 
Results based on 10,000 replications of the model: ( ) .lnln unnxw f +++= γβα   
The true values are α=1.6, β=-0.14, γ=-0.007, and σ=γ / β , so the implied true value is 
σ=0.05 
Each series is 1000 observations. 
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Table 2: Description of the Data (N = 212) 
 Diary Sample Recall Sample  
 
Variable 
 
Mean 
Std. 
 Deviation 
 
Mean 
Std.  
Deviation 
t-test for 
equal means 
Food budget share 0.5085 0.1677 0.4502 0.1610 2.83** 
ln (food expenditure per 
capita) 
6.9603 0.7055 6.7307 0.7687 3.00** 
ln (non-food expenditure 
per capita) 
6.9210 1.1831 6.9441 0.9921 0.21 
ln (per capita expenditure) 7.6998 0.8969 7.5958 0.8389 1.25 
ln (household size) 1.6843 0.6612 1.7394 0.6954 0.83 
rm06 0.0884 0.1226 0.0776 0.1088 0.60 
rf06 0.0918 0.1211 0.0985 0.1237 0.39 
rm714 0.1122 0.1365 0.0787 0.1029 2.55** 
rf714 0.0721 0.0997 0.0933 0.1165 0.93 
rm1550 0.3417 0.2573 0.3735 0.2351 0.75 
rf1550 0.2529 0.1543 0.2450 0.1567 0.29 
rm51+ 0.0352 0.0799 0.0122 0.0364 1.68 
rf51+ 0.0058 0.0262 0.0211 0.0845 1.16 
Adult employment rate 0.6159 0.2550 0.6037 0.2702 0.43 
School years of adults 8.3614 3.8887 8.3071 3.7467 0.21 
Age of household head 37.6023  10.3757  36.7177  8.8388 0.64 
Note: Variables beginning with r are demographic ratios, so that e.g., rf714 is the ratio of the number of females 
aged 7-14 to total household numbers.  
Means and standard deviations are calculated using household sampling weights.  
The t-test uses standard errors corrected for clustering, sampling weights and stratification. 
**=significant at p<0.05 (2 sided). 
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Table 3: OLS Estimates of the Food Engel Curve 
 Diary Sample Recall Sample t-test for equal 
Explanatory variable coefficient |t| coefficient |t| coefficients 
ln (per capita expenditure) -0.1329 9.26 -0.1328 4.66 0.01 
ln (household size) -0.0026 0.17 -0.1262 2.73 2.64 
rm06 0.3998 1.08 0.1991 1.16 0.50 
rf06 0.2304 0.63 0.1657 1.14 0.17 
rm714 0.0766 0.22 0.1301 0.64 0.14 
rf714 0.4232 1.00 0.2813 1.82 0.36 
rm1550 0.3228 0.96 0.3034 3.68 0.06 
rf1550 0.3532 0.99 0.1952 1.25 0.45 
rm51+ 0.3406 0.88 0.8271 2.15 0.98 
Adult employment rate  0.1207 2.41 0.0123 0.19 1.24 
Constant 1.1788 3.32 1.4919 5.34 0.67 
R2 0.5457  0.4008   
F(12,18) 30.46  7.86   
Note: Variables beginning with r are demographic ratios, so that e.g., rf714 is the ratio of the number of females 
aged 7-14 to total household numbers. The omitted group is elderly females. Models also contain two quarterly 
dummies. 
Reported absolute t-values are corrected for clustering, sampling weights and sample stratification. 
F(12,18) is an adjusted Wald (W) test for zero slopes: )1,(~
1
+−
+− kdkFW
kd
kd
, where d is the number of 
clusters minus the number of strata (29), and k is the number of slope variables. 
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Table 4: IV Estimates of the Food Engel Curve 
 Diary Sample Recall Sample t-test for equal 
Explanatory variable coefficient |t| coefficient |t| coefficients 
ln (per capita expenditure) -0.1536 6.70 -0.1039 2.73 1.12 
ln (household size) -0.0147 0.81 -0.1049 2.42 1.77 
rm06 0.3513 0.97 0.2335 1.23 0.29 
rf06 0.1685 0.48 0.2058 1.28 0.10 
rm714 0.0411 0.12 0.1853 0.83 0.39 
rf714 0.3559 0.81 0.2928 1.84 0.16 
rm1550 0.2895 0.88 0.3354 3.61 0.15 
rf1550 0.3067 0.89 0.2048 1.27 0.30 
rm51+ 0.2876 0.77 0.8862 2.29 1.28 
Adult employment rate  0.1265 2.43 0.0154 0.22 1.23 
Constant 1.3958 3.47 1.2046 3.34 0.34 
R2 0.5385       0.3894      
F(12,18) 22.42 7.07  
Durbin-Wu-Hausman test t=1.06     t=1.35  
Over-identification test χ2(2)=0.25          χ2(2)=0.02         
Notes: See Table 3.  
Instruments for ln (per capita expenditure) are the average number of school years of each adult in the household 
and the age of the household head. 
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Notes 
                                                 
1 Anand and Harris (1994) review the empirical performance of various welfare indicators and conclude that the 
food share has little merit as an overall welfare indicator. 
 
2 The respondent was usually the senior female, especially for food expenditures. However, for certain items 
like alcohol and tobacco, the senior male usually provided the information. The principle of asking the 
respondent best informed to answer questions regarding each type of consumption is widely used by recall 
surveys. 
 
3 With an average food share of 0.5, a 20 percent decrease in per capita food expenditures is implied. 
 
4 It is perhaps no coincidence that the two countries in Deaton and Paxson’s sample with the least puzzling 
results (Britain and France) collect household expenditures using the diary method, while the other countries 
gather data by recall. 
 
5 A household with two people makes an average of 25 non-food purchases per fortnight while a household with 
10 people averages 50 non-food purchases per fortnight. 
 
6 This result is also found by the field survey described below. The foods whose expenditures recalled by 
respondents were lowest, compared with expenditures reported in diaries, were the foods that were most 
frequently purchased, and this correlation is significant at the p<0.01 level. An alternative hypothesis, that recall 
errors reflect respondent fatigue, is not supported because there was no significant association between the 
placement of a food in the questionnaire and the size of the recall error. 
 
7For example, the “intergenerational family” (the head and their spouse, the parents and parents-in-law of the 
head, children of the head and their spouses, and grandchildren of the head) comprises 78 percent of the 
residents of the average household in urban areas of Papua New Guinea. A unit increase in the logarithm of 
household size raises the share of residents who are not part of the intergenerational family by 14 percentage 
points. 
 
8 By rewriting )ln( 1 σβ −nx as nx ln)1(ln βσβ −−  it is clear that ).ln(ln)ln( 1 σββσβ −=+ nxnnx  
 
9 Rodgers, Brown, and Duncan (1993) report evidence that errors in survey responses are not independent of 
either the true values of the variable being measured or of other explanatory variables in the causal model. 
 
10These values were drawn afresh at each experiment. Values for household size were rounded to the nearest 
integer, with the minimum constrained to n=1. 
 
11 The mean food budget share generated by these assumptions was 0.50 (standard deviation=0.16). The means 
and standard deviations of the generated x, n, and wf variables match the data collected in the field. 
 
12 Deaton and Parxon use IV to deal with random measurement errors in ln (x/n) that might bias the γ coefficient 
because of the correlation between ln (x/n) and ln n. 
 
13 Illiterates were typically the elderly, so sometimes other family members recorded in the diaries on their 
behalf or interviewers visited more frequently than usual (roughly every second day) and did the recording. 
 
14 This is also true when the unweighted data are used. For the recall sample, the OLS coefficient on household 
size is –0.1000 and the IV coefficient is –0.0928. For the diary sample, the OLS coefficient is -0.0061 and the 
IV coefficient is –0.0237. 
 
15 The size classes are used to give smoother estimates because of the small sample size. For the same reason, 
the poverty rates are calculated from all areas of Papua New Guinea rather than just from the capital city. 
 
16 Other methods based on estimation of a system of demand equations (for example, see Lancaster et. al., 1999) 
may be too involved for many applied economists who just want to estimate an equivalence scale as an input 
into some other modeling task. 
